A method for the isolation of three compounds from the infusion of leaves of Byrsonima basiloba A. Juss. by high-speed counter-current chromatography (HSCCC) was developed. This technique led to the separation of a novel compound, quercetin 
Despite its medicinal use, there is a lack of information on the chemical and pharmacological properties of this plant. Previously, we described the presence of (+)-catechin and quercetin-3-O-α-Larabinopyranoside in the methanolic extract of the leaves of B. basiloba (formerly documented as B. cinera), including the presentation of anti-diarrheic activity [2] . Plants of the genus Byrsonima are known to be rich in flavonoids, tannins and proanthocyanidins [3] [4] [5] [6] [7] [8] .
Natural compounds are commonly isolated and separated by conventional methods including silica gel, polyamide and preparative high-performance liquid chromatography (HPLC), which are tedious, time consuming, and requiring multiple chromatographic steps. High-speed counter-current chromatography (HSCCC) is a liquid-liquid chromatographic technique that has gained increasing interest recently. High Speed Counter-Current Chromatography (HSCCC), a support free liquidliquid partition chromatographic technique, eliminates irreversible adsorption of the sample onto the solid support [9] , and has an excellent recovery. So, it has been successfully applied to isolate and purify a number of natural products [10] [11] [12] [13] [14] . Thus, the HSCCC technique was considered as a possible support to isolate polar compounds from the infusions of B. basiloba leaves.
As shown in Figure 1 (A) , the HPLC analysis of the infusion of B. basiloba leaves showed a wide range of metabolites with different polarities, including flavonoids, phenolic acids and proanthocyanidins. The efficiency of a separation of secondary metabolites from a complex mixture depends on the difference in partition coefficient (K) of solutes [9] . So, it is essential to optimize the K of each 
The UV spectra of compounds 1-3 are shown as insets. For chromatographic conditions see experimental section.
component by selecting an adequate composition of the two-phase solvent system. A preliminary HSCCC experiment was carried out with the two-phase solvent gradient system composed of ethyl acetate-nbutanol-water (14:X:8, v/v) where X=2 (solvent system A), X=4 (solvent system B), X=6 (solvent system C) and X=8 (solvent system D). It took a long time (>18 h) to separate the three compounds. In the subsequent studies, the ethyl acetate-n-butanol-water (2:1:3) solvent system was established to be the best one. The use of this solvent system achieved the separation of the three flavonoids (1-3) in a shorter time, with a good resolution, in a single run. They were identified by HPLC-UV and NMR spectroscopic experiments as (+)-catechin, quercetin Figure 2) . The chromatograms are shown in Figure 1 (B-D). Compound 1 showed absorbance maxima at 204 and 280 nm suggesting the presence of a catechin nucleus. The UV absorption bands of the other two compounds at 205, 256 and 354 nm suggested that they were flavonol analogues [15] .
The identity and purity of the isolated substances were also checked by NMR spectroscopic and HPLC-DAD analyses under different experimental conditions by spiking with standards and the isolated compounds under the same conditions. All compounds were identified by 1 H and 13 C NMR spectroscopic experiments and the data compared with those from the literature [16, 17] . (+)-Catechin (1) was isolated with a purity over 96%, 
. Thus, the separation of these glucosides seems to depend on the total number of sugar units attached to the aglycone. Our results showed that the conditions used provided a very efficient method for the separation of the flavonoids from B. basiloba.
The identification of the obtained materials was from 1 H NMR, 13 C NMR and 2D NMR spectra. Compounds 1 and 2 were known; their 1 H NMR and 13 C NMR spectroscopic data are in agreement those in the literature [16, 17] 
for (+)-catechin and quercetin-3-O-α-L-rhamnopyranosyl-(1→6)-β-Dgalactopyranoside, respectively. (+)-Catechin has
been previously isolated and identified in methanolic extracts of this species [2] ; the spectral data were in agreement with the literature [17] . 
Conclusions
HSCCC has been developed and successfully applied to the separation of ( This technique provides an attractive alternative to obtain the three flavonoids on a larger scale, which may then be used for bioavailability and bioactivity studies.
Experimental
Material: All solvents used for HSCCC were of analytical-reagent grade from Merck. The solvents used for HPLC were of analytical grade from JT Baker, USA. Water was of nanopure quality.The water used as the mobile phase in HPLC was prepared with a Millipore purifier (Millipore, USA) in our laboratory. All organic solvents used for HSCCC were of analytical grade and purchased from JT Baker, USA. The plant material was dried, milled and 10.0 g of the powder was boiled with 100 mL water. The mixture was allowed to cool, filtered through filter paper and lyophilized furnishing 1.0 g of extractive.
Preparation of leaves infusion: Leaves of
Preparation of two-phase solvent system and sample solution: Four solvent systems utilized in the HSCCC separation were prepared by mixing ethyl acetate, n-butanol and water, and then thoroughly equilibrating the mixtures in a separating funnel. Two phases were separated shortly before use. The volume ratios of the four solvents were 14:2:8, 14:4:8, 14:6:8 and 14:8:8 (v/v), used respectively for the separation runs.
The sample solution was prepared by dissolving the extractive of B. basiloba leaves (537 mg) in a mixture (20 mL) consisting of 10 mL lower phase + 10 mL upper phase of the solvent system ethyl acetate: n-butanol: water (14:2:8) (v/v).
. High-speed counter-current chromatography: HSCCC was performed with P.C. Inc., Potomac, USA. It was equipped with a multiplayer with two coils of 1.68 mm i.d. polytetrafluoroethylene (PTFE) tubing of approximately 80 and 240 mL with a total capacity of 320 mL. The β value varied from 0.5 at the internal to 0.85 at the external terminal and the revolution radius was 10 cm (β = r/R, where r is the distance from the coil to the holder, and R the revolution radius or the distance between the holder axis and the central shaft). The speed was adjusted with a controller to an optimum speed of 850 rpm. The solvent was pumped into the column with a Waters 4000 constant-flow pump. The sample was injected with a P.C. Inc. injection module with a 20 mL sample injection loop. The coiled column was first entirely filled with the stationary phase (lower phase). Then the apparatus was rotated forward at 850 rpm, while the mobile phase (upper phase) was pumped into the column in a head to tail (H → T) direction at a flow rate of 1.0 mL min −1 . Under the conditions used, the retention of the stationary phase in the HSCCC was 86 %. After the mobile phase front emerged and the hydrodynamic equilibrium was established in the column, about 20 mL of the sample solution containing 537 mg of the B. basiloba infusion was injected through the injection module at a flow rate 1.0 mL min . EZChrom Elite Data System software was used for both the operation of the detector and for data processing. Identification of compounds was performed by retention time and by spiking with the isolated compounds under the same conditions.
ESI-MS and ESI-MS/MS analysis:
MS analysis was performed using a LCQ Deca ion trap instrument (Thermo Finnigan, San Jose, CA, USA) equipped with Xcalibur software. To tune the LCQ, the voltages on the lenses were optimized using the TunePlus function of the Xcalibur software, while infusing a standard solution (1 mg of hesperidin in 1mL of MeOH) at a flow rate of 3 mL/min. Mass spectra were acquired and processed using the software provided by the manufacturer. The negative ion mode forms and MS/MS analyses were selected, working under the following conditions: capillary voltage -4V, spray voltage 5 kV, tube lens offset 0V, capillary temperature 280 ο C, and sheath gas (N 2 ) flow rate 50 (arbitrary units). The scan range was m/z 230-1800, the maximum injection time was 50 ms, the number of microscans was three, and two scan events were prescribed to run sequentially in the LCQ mass spectrometer.
